Background: Mass media campaigns have long been used as a tool for promoting public health. In the past decade, the growth of social media has allowed more diverse options for mass media campaigns. This systematic review was conducted to assess newer evidence from quantitative studies on the effectiveness of mass media campaigns for reducing alcohol-impaired driving (AID) and alcohol-related crashes, particularly after the paper that Elder et al. published in 2004. Methods: This review focused on English language studies that evaluated the effect of mass media campaigns for reducing AID and alcohol-related crashes, with or without enforcement efforts. A systematic search was conducted for studies published between January 1, 2002 and December 31, 2013. Studies from the review by Elder et al. were added as well. Results: A total of 19 studies met the inclusion criteria for the systematic review, including three studies from the review by Elder et al. Nine of them had concomitant enforcement measures and did not evaluate the impact of media campaigns independently. Studies that evaluated the impact of mass media independently showed reduction more consistently (median −15.1 %, range −28.8 to 0 %), whereas results of studies that had concomitant enforcement activities were more variable (median −8.6 %, range −36.4 to +14.6 %). Summary effects calculated from seven studies showed no evidence of media campaigns reducing the risk of alcohol-related injuries or fatalities (RR 1.00, 95 % CI = 0.94 to 1.06). Conclusions: Despite additional decade of evidence, reviewed studies were heterogeneous in their approaches; therefore, we could not conclude that media campaigns reduced the risk of alcohol-related injuries or crashes. More studies are needed, including studies evaluating newly emerging media and cost-effectiveness of media campaigns.
Background
The World Health Organization (WHO) estimates that the number of people killed in road traffic crashes is about 1.2 million per year, and the number injured is as high as 50 million per year [1] . Over 90 % of road traffic deaths occur in low-income and middle-income countries. Alcohol is found to be present in 33-69 % of fatally-injured drivers, and 8-29 % of non-fatally injured drivers [2] .
Mass media campaigns has long been used as a tool for promoting public health, and their effectiveness have been assessed and described in different literature [3] . Some studies linked with successful campaigns are those focusing on adoption of new behaviors as compared with prevention or cessation of problem behaviors, or those that had concomitant law enforcement aspects [3, 4] . Among media campaigns focusing on prevention or reduction of substance use, data shows that campaigns focusing on alcohol use may be more successful than campaigns focusing on illicit drugs or tobacco [3, 5] .
Many countries around the world have been using the triangle of legislation-enforcement-publicity for effective social marketing campaigns against alcohol-impaired driving (AID) [6] . High visibility enforcements of legislation generally utilize a combination of high-fear emotive advertising to change attitude and low-fear informational advertising to change knowledge [7] . In 2004, Elder et al. published a systematic review on the effectiveness of mass media campaigns for reducing AID and alcohol-related crashes [8] . The results showed that, overall, media campaigns lead to a median decrease in alcohol-related crashes of 13 % (interquartile range: 6 to 14 %).
Traditionally, media have been categorized into three types: paid, earned, and owned [9] . Paid media include traditional advertising, where an advertiser pays for space or for a third party to promote something that the advertiser wants to draw attention to. Examples include TV commercials and magazine and newspaper advertisements. Earned media are publicity you get for free such as by news coverage or when the public spread information through external or their own media at no cost to yourself. Owned media consists of properties or channels owned by the advertiser that uses them for the purpose of promotion. Examples include websites or brochures created and owned by the advertiser. Mass media campaigns have usually used a combination of these media types. During the past decade, the Internet has rapidly developed, and social media have become one of the most popular Internet services in the world [10] . It has been used in health promotion campaigns as well, although reports have shown variable outcomes [11] [12] [13] . With the availability of wider options to deliver media campaigns, we considered that new evidence might be available in the effectiveness of mass media campaigns in reducing AID since the paper that Elder et al. published in 2004.
Objectives
The primary objective of this systematic review is to assess available evidence from quantitative studies after the review by Elder et al. [8] on the effectiveness of mass media campaigns with or without concomitant enforcement activities for reducing AID and alcohol-related crashes compared to no media interventions among drivers of any type of motor vehicle on public roads in any country, state, or community. See the logical framework in Fig. 1 , which guided the review.
Methods

Eligibility criteria
Types of studies included experimental, quasi-experimental and observational. The language was limited to English. Only papers published after January 2002 were considered. Population included all drivers of any type of motor vehicle on public roads, of any gender and of all ages. Any lengths of follow-up were included. Settings included any country, state or community of any size. Interventions included any type of mass media used for reducing AID, with or without enforcement efforts. Comparators included any type of control or comparison group or area not exposed to the campaign and with no changes in legislation, enforcement or publicity during the period of the study. Studies without comparator groups were also included.
Primary outcome measures included alcohol-related crashes and alcohol-related crash injuries and fatalities. Secondary outcome measures were used as surrogates for primary outcome measures but only if the latter were unavailable. These included single-vehicle-night-time crashes, all nighttime crashes, all single vehicle crashes and all crashes. Blood alcohol concentrations measured at sobriety points and interview reports of target populations were excluded as outcome measures because of the potential to be biased due to police's and target populations' knowledge of the intervention, respectively [14] . If the study did not provide specific figures for the outcome measures, it was excluded from analysis.
Search strategy
The review searched the following computerized databases: PubMed, Ovid Medline, EMBASE, Psych Info, Transport Research International Documentation (TRID), Scopus, and Global Health.
The search syntax that this review used was: (mass media or television or TV or radio or cinema or movie* 
Interventions
Intermediate variables Outcomes Fig. 1 Logical framework of causal relationships between different types of interventions and road crashes or film* or social media or social network* or publicity campaign or campaign* or market*) and ((alcohol or beer or wine or spirit*) and (drink* or intoxicat* or intake or consum*) and (automobile* or car or cars or road or traffic or truck* or driving or driver*) and (crash* or accident* or collision*). In addition to this syntax, the review 'exploded' database-specific MeSH terms if the databases supported this. The searches were limited to publications in English language. Since this review was intended to be an update of the review by Elder et al. in 2004 [8] , which had reviewed relevant studies published until 31 December 2001, the literature searches for this review were set from January 1, 2002 to "current" (31 December 2013). In addition, this review included all studies of Elder 2004 [8] except the study by McLean et al. [15] which had an outcome measure of blood alcohol concentration, which does not fit the eligibility criteria of this review.
Study selection
The two reviewers (MK and RY) independently examined titles, abstracts and key works of citations from electronic databases for eligibility. The reviewers tried to err on the side of over-inclusion during this stage. For studies that appeared to meet the inclusion criteria, or in cases when a definite decision could not be made based on the title or abstract alone, the full text were obtained for detailed assessment against the inclusion criteria. For manuscripts that could not be obtained, an attempt was made to contact the authors for information. Studies were excluded at this stage if they failed on one or more criteria. Reasons were recorded for the exclusions. The selection was done using the software EPPI-Reviewer 4, version 4.3.6.0.
Data collection process and data items
Once studies were selected, data was extracted using a standard form developed for this review. Extracted data items included study objectives, methods, participants, follow-up period, settings, interventions, and outcomes.
Summarizing outcome measures
Whenever available, alcohol-related fatal crashes were used as the outcome and figures between the intervention group and control group were compared. Unless a model was used (e.g. regression models or Autoregressive Moving Average Model (ARIMA) for interrupted time series (ITS) studies) that calculated the degree of change during the study period, the changes in individual studies were calculated using the difference in pre-and post-intervention means. The summary effects from all included studies were described using the median and the range. Since proxy measures were used in some studies, the following order of priority was used to select the outcome measures: single-vehicle-night-time crashes, all-night-time crashes, all-single vehicle crashes, and all crashes. Use of fatal crashes were given priority over nonfatal injury crashes, as fatal nighttime crashes is considered as a validated surrogate for alcohol-related fatalities [16] .
Summary effects measures calculation
Given the heterogeneity in the outcome measures used in the studies, for the purpose of summary effects measures calculation, we selected studies that allowed us to calculate the relative risk of alcohol-related fatal crashes among all crashes pre-and post-intervention. If information on total number of crashes was not available, alternative measurements (e.g. fatal crashes among drivers in the campaign target population with BAC ≥0.08 g/dL versus all alcoholrelated fatalities) were selected to help control for the overall trend in total crashes and other factors that may influence the total number of crashes [8] . We estimated pooled relative risks using the random-effects model. Review Manager 5.2 (version 5.2.4) was used for this analysis.
Assessment of risk bias
Assessment of the risk bias in individual studies at the study as well as outcome levels was done to determine the methodological quality of the included studies. For this purpose, this review used the guidelines provided by the EPOC checklist [17] , and classified the studies into "good quality", "intermediate quality" and "low quality". If the study did not use any model for analysis, it was considered as a low-quality study. Also, if the measured effects were inclusive of interventions other than mass-media (e.g. other enforcement measures or educational activities), the study was considered as intermediate quality at its best.
Results
Study selection
See Fig. 2 . All searches yielded 868 titles. First, all duplicates were removed to yield 675 studies. Thereafter, 647 studies were removed based on titles and abstracts to yield 28 studies. Full-text articles were reviewed for the 28 titles for topic, language, interventions and outcomes. This yielded 16 studies, and were included in this review in addition to three studies from Elder [8] .
Study characteristics
The study characteristics are summarized in Tables 1  and 2 .
Study design
Of the 19 included studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , nine were controlled interrupted time series (CITS) [18, 19, 23-26, 31, 32, 36] , seven were uncontrolled interrupted time series (ITS) [20, 21, [27] [28] [29] [30] 33] and three were controlled before-after studies (CBA) [22, 34, 35] . Nine [23] [24] [25] [26] [27] [28] [31] [32] [33] of the studies had concomitant enforcement activities taking place at the time of the media campaign and the effect of the media campaign was not analyzed separately.
Participants
Seven studies [18, 19, 21, 22, 25, 28, 32 ] specified a target age group for their media campaigns, ranging from 15 to 34 years of age. One study [26] summarized a mixture of media campaigns that had both target age groups and no target age groups. The rest targeted drivers of all ages.
Settings
There was one study each from Thailand [33] , Italy [34] , and Australia [20] . Three were from New Zealand [21, 30, 36] , and the rest were from the US.
Interventions
Media activities included advertisements in newspaper, radio, broadcast and cable television, cinema, billboards, posters, banners, stickers, with a combination of paid and earned media. There were no projects that explicitly described the use of social media in their campaigns. Those that had concomitant enforcement activities included interventions such as speed cameras, compulsory breath testing, sobriety checkpoints and patrols, changes in speed limits, driving under the influence (DUI) legislation or drinking age. Three studies [22, 23, 34] had a supplementary education program in the target community, including workplace [22] and school [34] .
Comparator
Eleven studies [18, 19, 22-26, 31, 32, 35, 36 ] defined a comparator. One study used different hours in the day ("high alcohol consumption hours" and "low alcohol consumption hours") for comparison [36] . The rest either compared different counties within the same state [18, [22] [23] [24] 35] , neighboring states [19, 25, 31, 32] , or data from the entire nation [26] .
Outcome measures
Eight studies [23-28, 31, 32] used alcohol-related fatal crashes as outcome measures. The rest used proxy measures for outcome (Fig. 3) .
Quality measures and risk of bias
See Tables 3 and 4 . Based on the results of quality assessment, four studies were rated as good [18] [19] [20] [21] , five as intermediate [22] [23] [24] [25] [26] , and eight as low [27] [28] [29] [30] [31] [32] [33] [34] . The quality of two studies [35, 36] could not be assessed due to unavailability of the manuscript but they were included in this review as they were included in the review by Elder [8] . Comparator site: Studies with no increases in enforcement activities or with statistical models to account for those increases
Good quality: four studies [18] [19] [20] [21] were included in this category. All except for one [21] had a comparator, and showed reduction in AID-related adverse outcome measures. Of those, the decrease reached statistical significance in two out of the three studies. While media campaign did not seem to show any impact in the target population (male 15-34 years old) in the study by Tay 2002 [21] , it did show decreases in other age groups (male 35-54, females 15-34).
Intermediate quality: one study [22] was included in this category. Relative to the comparator counties, the intervention site had a statistically significant net decrease of nighttime single vehicle crashes by 28.8 % (−24.8 % in intervention group, +4.0 % in comparison group; p = 0.01) after the intervention. The study was classified as intermediate quality as the baseline characteristics in the intervention and comparator sites were not clearly addressed, and since there was a question about possible contamination of the effects and other biases due to the nature of the study (CBA studies).
Low quality: three studies were included in this category [29, 30, 34] . All three studies showed various degrees of decrease in the outcome measures, though only one [29] reached statistical significance. The studies were categorized into low quality primarily because there was no use of statistical models to assess the impact of the media campaigns.
In summary, studies that evaluated the impact of media campaigns with no increases in enforcement activities or with statistical models to account for those increases showed that the campaign resulted in a median decrease in the outcome measures by 15.1 % (range 0-28.8 %).
Quality not assessed: two studies were included in this category [35, 36] . The study by Worden et al. did not result in any net changes, but the sample size was small and the estimates were deemed to be unstable (p > 0.05). The study by Cameron et al. [36] comparing high alcohol hour to low alcohol hour showed a statistically significant decrease in serious injury crashes after intervention (net change −7 % in urban arm, −18 % in rural arm; p < 0.05 for both arms).
Studies with increases in enforcement activities but without statistical models to account for those increases Good quality: there were no studies that were considered as good quality due to the classification criteria described in the methods section.
Intermediate quality: four studies were included in this category [23] [24] [25] [26] . The study by Fell et al. [23] included results from seven states that used publicized enforcement along with various enforcement programs. From this study, it was concluded that the programs that Table 2 Studies included based on eligibility criteria: studies with increases in enforcement activities but without statistical models to account for those increases (Continued) High risk (has not taken into account other changes during study period) Low quality study CBA Controlled Before-after experienced significant reductions included the use of paid media to publicize the enforcement, using a statewide model rather than selected portions of the state, and the use of highly visible and frequent sobriety checkpoints [23] . The remaining three assessed the results of projects that used a combination of media campaigns and sobriety checkpoints as enforcement measures. All three studies used alcohol-related fatal crashes as outcome measures and showed reduction, though the study by Lacey et al. [26] did not reach statistical significance.
Low quality: five studies were included in this category [27, 28, [31] [32] [33] . The intervention by Agent et al. [27] and Solomon et al. [28] were similar in that they both involved targeted media campaigns and enforcement measures surrounding the Labor day holiday. Both showed some degree of reduction in the outcome measures, although there were differences in the outcomes measured (alcohol-related fatalities during the year preand post-intervention versus alcohol-related crashes and injuries 13 days around Labor day). The study by Suriyawongpaisal [33] showed significant increase in the percent of drivers among traffic injury victims with illegal BAC (≥0.05 g/dL) among traffic injury cases (30.0 to 44.6 %, net change +14.6 %). However, it should also be noted that the methodology of this study was different from other studies in that: 1) the study was conducted after 8 months of law enforcement and 2 years of active public education program without baseline figures prior to the intervention, 2) the results did not take into account the changes in overall number of traffic accidents during the study period, and 3) data collection was done during a pre-defined period, therefore, prone to reporting bias.
In summary, studies that measured the effects of concomitant enforcement activities in addition to media campaigns showed a median reduction of 8.6 % (range −36.4 to +14.6 %) in their outcome measures.
Summary effect measures
A total of seven studies [19, 20, 22, [27] [28] [29] 31] were included in the summary effect measures calculation, and the results are summarized in Fig. 1 . Results of pooled analysis of the seven studies did not show any improved risk of alcohol-related injuries or fatalities from the intervention (RR = 1.00, 95 % CI = 0.94-1.06).
Discussion
While results from individual studies suggested reduction in their respective outcome measures after intervention, reduction was not observed in the pooled analysis of relative risk of alcohol-related injuries or fatalities by media campaigns. This is likely due to the large heterogeneity observed in the methodology of the media campaigns, the follow-up methods, and the outcome measures used: Some studies had concomitant enforcement measures along with the media campaigns, and not all studies conducted analyses to examine the effects from media campaigns only; variety in the duration and intensity of media campaigns were observed; proxy measures were used in some studies for alcoholrelated fatal crashes, and the presentation of outcome varied from mean cases per month generated from a model to raw figures based on changes in annual cases pre-and post-intervention. An attempt was made to include only those studies that allowed comparison of similar outcome measures (e.g. risk of alcohol-related fatalities over all crashes) in the summary effects calculation. Regardless, heterogeneity remained among the included studies.
Messages used in media campaigns
Six out of the eight studies that assessed the effects of media campaigns independently showed statistically significant differences after intervention [19-22, 29, 30] . Some of these studies have attributed their success in their campaigns to having a message that emphasized the consequences of alcohol-induced driving. Examples include messages such as "Drunk Drivers Should Be Barred" [29] or "DUI: the $8866 Hangover" [22] . The later indicates the true cost of DUI as the sum of increasing insurance costs, lawyer fees, fines, and other expenses [22] . Miller et al. [30] did not describe the details of the media campaign, but they did state that the campaign was "harder hitting and more intensive" compared to previous campaigns. The purpose of the study by Tay et al. [21] was to examine the impact of a fear-based advertising campaign. While their analysis showed that the intervention was effective for certain age groups, it did not seem to influence the main target population, which was male 15-34 years old. Therefore, the authors concluded that, "an appeal to the emotion of fear will evoke different responses from different segments of an audience".
This study built on the study by Elder 2004 [8] , and added an additional decade of research literature. There are several limitations to this study: First, some eligible reports may have been missed due to language. Most of the studies included in this review are coming from English-speaking developed countries, namely, the US, Australia, and New Zealand. Therefore, the results may not be generalizable to low-and middle-income countries where traffic regulations and driving practices may be different. Second, most of the studies did not describe the interventions well enough for the reader to understand the intensity of mass media campaigns. This resulted in challenges and ambiguities in extracting data. Third, heterogeneity was large among the included studies, including settings, methods, and outcome measures used, as described earlier.
Although the pooled analysis did not show any evidence that media campaigns reduce the risk of alcohol-induced fatalities, we cannot conclude that media campaigns have no effect altogether given the large heterogeneity seen among studies. It is surprising that only a limited number of good quality study could be added to update the review of Elder et al. [8] , considering the wider availability of options to conduct media campaigns. In addition, drink driving remains to be one of the leading causes of death in many countries and millions of dollars have been spent on mass media campaigns to reduce them.
Conclusions
Heterogeneity in methodology, interventions and outcome measures were observed among the included studies and pooled analysis did not show evidence that media campaigns reduced the risk of alcohol-related fatalities.
More studies are required to find how mass media could be made more cost-effective in terms of timing and location, target audience, and message and campaign characteristics. In addition, more studies from low-and middle-income countries are needed where the majority of road traffic deaths occur.
